We investigated the efficacy of a new technique of epidural catheter fixation that relies on a strip of adhesive foam transfixed by a securing suture. We compared this technique to a tunnelled technique in a prospective, randomized trial (n=25 in each group). Epidural catheter depth was recorded at the time of insertion and at the time of removal. Clinically significant catheter movement was considered as >2 cm outward movement or >1 cm inward movement. The mean duration of epidural analgesia was five days for both groups. Clinically significant movement was noted in eight patients (32%) in the tunnelled group and seven patients (28%) in the sutured group (P=0.75) . Movement of the epidural catheter did not correlate with analgesic failure. The sutured technique provided similar protection against migration to tunnelling but any potential advantages were offset by concerns about a significantly higher incidence of erythema around the catheter exit site in the sutured group (1 vs 6 patients, P=0.04).
It has been reported that up to 50% of epidural catheters migrate from their original position 1, 2 . Hazards of migration include inadvertent intravenous 3, 4 or subarachnoid 5, 6 injection and unilateral or failed block 7 . A method of catheter fixation that is simple, quick and has a low incidence of catheter migration is desirable.
We have previously described a technique of epidural catheter fixation which uses a small strip of adhesive foam and a transfixing silk suture 8 (Figure 1) .
In a pilot group of 17 patients, we found clinically significant catheter movement (>2 cm outward migration or >1 cm inward migration) in only one patient. This compared favourably with previously described techniques. Tunnelling the catheter has been shown to reduce, but not eliminate, the risk of movement [9] [10] [11] [12] . We therefore set out to compare our novel technique with a tunnelling technique in a prospective, randomized trial.
MATERIALS AND METHODS
The study was approved by the Norwich District Research Ethics Committee. Mentally competent adults who had consented to undergo major abdominal surgery and thoracic epidural analgesia were invited to participate. The exclusion criteria included age under 18 years, failure to obtain consent for, or clinical contraindication to epidural analgesia, and lack of proficiency with the English language. Informed, written consent was obtained from all participants. The study was of an open randomized design. Randomization was by a sealed envelope technique and patients were allocated to one of two groups.
Tunnelled Group: Epidural catheter secured by tunnelling. Following local anaesthesia with 1% lignocaine, a cannulated 14 gauge needle ('Wallace Flexihub' Internal Jugular Cannula, SIMS Portex, Hythe, Kent, U.K.) was used as a subcutaneous tunnelling device, in a technique similar to that described by Murray 13 . The catheter was tunnelled subcutaneously for a distance of approximately 5 cm. The exit area was covered with a spray dressing ("OpSite", Smith and Nephew Medical Limited, Hull, England) followed by a transparent adhesive dressing ("Tegaderm", 3M Healthcare, Borken, Germany). The remainder of the catheter was directed over the shoulder of the patient and secured with a strip of self-adhesive fabric ("Mefix", Mölnlycke Healthcare AB, Göteborg, Sweden).
Sutured Group: The epidural catheter was secured by the newly described method 8 . Lignocaine 1% was used to anaesthetize the small area of skin through which the suture was to be passed. A 50x13 mm strip of robust adhesive foam (Veni-gard, ConMed, Utica, NY, U.S.A.) was folded in half around the catheter at the point of insertion. A single 2.0 silk stitch was then passed through the foam strip a few millimetres away from the sandwiched catheter and into the skin. The suture was brought out a few millimetres lateral to the rounded edge of the foam/catheter sandwich. This end of the suture was then tied to the thread remaining where the foam strip was pierced. The exit area was then covered with a spray dressing (OpSite) followed by a transparent adhesive dressing (Tegaderm). The remainder of the catheter was directed over the shoulder of the patient and secured with a strip of self-adhesive fabric (Mefix).
We used the standard epidural infusion in our institution (bupivacaine 0.125% with diamorphine 50 µg/ml) in all cases. Two of the authors (BP and BGF) inserted all the epidural catheters, using 16 gauge Tuohy needles (Portex, UK). The catheters had three lateral holes emerging between 0.75 and 1.5 cm from the distal tip. Patients were asked to return to the neutral position before their epidural catheters were secured. The centimetre marking on the catheter where it emerged from the skin was recorded (to the nearest 0.5 cm). For the range of catheter lengths left in the epidural space (4-6 cm), catheters had to migrate by at least 2.5 cm for a single hole to emerge from the space and at least 5.25 cm for all the holes to be out. Thus any catheter had to migrate outwards by a distance greater than that which we considered to be clinically significant for any of the holes to emerge. A record was also made of the patient's weight, height, body mass index (BMI), vertebral level of the catheter insertion and the depth of the epidural space. Any significant medical history or difficulty with insertion was noted. The patients were visited on each postoperative day by the acute pain team. Epidural catheters were removed by one of the authors (wherever possible by MJ, otherwise BP or BGF) when it was felt that epidural analgesia was no longer required. Catheter removal followed discussion with the ward nursing staff and review of the pain charts. The centimetre marking at the exit point was once again noted, as were any signs of inflammation at the site. Patients were asked to comment on the technique and the quality of their analgesia. However, "analgesic failure" was defined as the requirement for the provision of alternative analgesia (patient controlled analgesia) or replacement of the epidural catheter. The acute pain team was contacted for any case where pain was worse than "moderate pain on movement" and the decision as to whether analgesia had failed was thus made independently of the authors.
The primary outcome was movement of the catheter. Clinically significant movement was considered as movement of more than 1 cm into the space, or >2 cm of movement outwards. These distances were chosen principally to make our results comparable with the largest randomized study using tunnelling 10 . Clark and colleagues also chose these distances for their investigation of the "Lockit" device 14 . Any catheters that "fell out" were considered to have moved significantly. Where there was early (<12 hours) failure of analgesia, requiring the replacement or re-positioning of the epidural, the second position was to be used as the baseline. The epidural catheter was to be fixed by the same method on each occasion.
As there was clinically significant movement in only one of 17 patients in the pilot group, we estimated that there would be clinically significant catheter movement in 5% of patients randomized to the sutured group. We expected that there would be significant movement in up to 30% of cases randomized to the tunnelled group 9 . Using the method described by Altman 15 we estimated that we would require a total of 50 patients, 25 in each group, to demonstrate a significant difference (power of 0.8 and P value of 0.05). A Chi-squared test (with Yates correction for 2 x 2 tables) was used to analyse the results.
RESULTS
We recruited 58 patients to the study, 29 in the tunnelled group and 29 in the sutured group. Eight of 50 patients were reallocated to their initial randomization group as the catheters of four patients from each group were removed prematurely against the instructions of the authors. These eight patients were excluded from analysis of movement, although they were included for the purposes of recording early analgesic failure. It was our view that deliberate removal would preclude any meaningful analysis of catheter migration. The groups were similar with respect to BMI, site of insertion, depth of epidural space, length of catheter left in the space and duration of epidural analgesia (Table 1) Catheter migration occurred in both groups. Migration outwards of >2 cm was seen in eight patients (32%) in the tunnelled group and seven patients in the sutured group (28%)(P=0.75).
Migration inwards >1 cm was not seen. The range of catheter migration for both groups is shown in Figure 2 .
Any catheter had to migrate outwards by a distance greater than that which we considered to be clinically significant for any of the holes to emerge. Movement of >4 cm outwards was seen in six patients in the tunnelled group and three patients in the sutured group. Assuming that there was no subcutaneous looping, it is possible that all of the catheter holes remained within the epidural space in five of the cases where we deemed the catheter to have moved significantly. Of those patients that had >4 cm movement, only two from the tunnelled group were dissatisfied with their analgesia. One patient in the tunnelled group in whom no observable catheter movement was noted experienced late (day 2) failure of analgesia and required conversion to patient controlled analgesia. One of the patients randomized to the sutured group experienced early failure of analgesia. Medical staff in the Critical Care Unit replaced this patient's epidural catheter, and no details of the method of fixation of the second catheter were recorded. This patient was one of the four patients from the sutured group excluded from further analysis. Inflammation at the site of insertion was also recorded. Erythema was noted in six patients in the sutured group and one patient in the tunnelled group (P=0.04). Patients did not complain of itch or discomfort around the site and did not find that the catheter was uncomfortable to lie on. Other than the cases of analgesic failure, there was general satisfaction with both techniques.
DISCUSSION
Our previously described method of epidural catheter fixation 8 fared well in vitro (porcine skin model) and prevented clinically significant movement in all but one of seventeen patients in a pilot study. We thus wished to establish the efficacy of the technique using a prospective, randomized trial design. Our results suggest that the sutured technique offers similar protection against migration to tunnelling for several days of postoperative infusion. Although the incidence of clinically significant movement in our tunnelled group was higher than that reported by Burstal and colleagues 10 , the results are less dissimilar when the longer mean duration of infusion in our trial is taken into account (3.5 vs 4.7 days). Burstal's group suggested that a relatively constant percentage of catheters remaining were lost on each successive postoperative day.
Our results with suturing in the pilot group were clearly not replicated in the sutured arm of the trial. The difference is probably explained by the fact that patients in the pilot group were only followed to the third postoperative day (catheter position observed through transparent dressing), while the mean duration of epidural analgesia for the trial patients was five days. The adhesive quality of the foam strips deteriorates with time and patients mobilize far more after the third postoperative day. This explanation is of course speculative, as we focused on the end position of the catheter and unfortunately did not collect data on the timing of movement.
As previously noted by Burstal and colleagues, we demonstrated that there was not always a correlation between movement and analgesic failure 10 . There were cases where there was significant movement but acceptable analgesia, and one case where there was no visible migration, and yet the patient suffered late analgesic failure. The former scenario is at least partially explained by the fact that not all of the catheter holes may have left the epidural space, even though "clinically significant movement" was recorded. Assuming that there was no subcutaneous looping 16 it is possible that all of the holes remained within the epidural space in five of the cases where "significant movement" was recorded. Another explanation is that catheter movement occurred late, and that analgesic requirements were at least partially met through the subcutaneous absorption of diamorphine. Subcutaneous looping 16 of the catheter is the most likely explanation for late analgesic failure where there was no apparent movement.
The incidence of erythema around the insertion site in the tunnelled group was similar to that reported in the tunnelled group of Burstal and colleagues. Tripathi and Pandey described a much higher incidence of erythema (27%) in their patients assigned to tunnelling 12 . However, their technique was quite different from previously described methods. In spite of a relatively high incidence of erythema, none of their catheter tips produced a positive microbiological culture.
We used sterile materials and a strict aseptic technique in the insertion of all our catheters and it is possible that the higher incidence of erythema in the sutured group can be explained by an inflammatory reaction to the silk suture. The incidence of erythema may be lower if a synthetic monofilament suture is used. However, we would urge caution in the use of the sutured technique because of this finding. One of the most catastrophic complications of epidural analgesia is the development of an epidural abscess and it has been suggested this may be more common than previously thought, particularly where infusions continue beyond three days 17 . Although there may not be a clear relationship between cutaneous erythema and catheter colonization 12 , Hearn and Roberts 18 reported that the three patients they have observed with epidural abscesses had inflammation at the insertion site. We would strongly support their suggestion that there should be daily inspection of the site, particularly if any novel fixation technique is used.
It is unlikely that any technique will completely eliminate the problem of epidural catheter migration. It has also been demonstrated that prevention of catheter movement at the exit site does not necessarily eliminate looping of the catheter within the subcutaneous tissues 16 . However, it is likely that the effect of subcutaneous looping can be minimized by leaving sufficient catheter length within the epidural space 19 and allowing patients to return from the flexed position before securing the catheter to the skin 20 .
We believe that our study provides evidence that the sutured technique provides a similar degree of protection against catheter migration to tunnelling over an extended period of infusion. Any potential economic or other advantages must be offset against concerns regarding the higher incidence of erythema that we have demonstrated. There may be no greater risk of overt infection or abscess formation, but this possibility cannot be ignored.
